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(54) HIGH BRIGHTNESS SINGLE MODE VCSEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a vertical 
resonance surface emission laser emitting a high 
intensity single mode light beam along the optical axis by 
providing a loss determination element coupled with an 
optical cavity and increasing the optical loss in the 
optical cavity gradually as the sideways distance from 
the optical axis increases. 

SOLUTION: A VCSEL(vertical resonance type surface 
emission laser) 101 comprises a loss determination 
element 117 coupled with an optical cavity 103. The loss 
determination element 1 1 7 increases the optical loss in 
the optical cavity 103 gradually as the distance from the 
optical axis 105 increases sideways y. When the optical 
loss in the optical cavity 103 increases at a position 
remote sideways from the optical axis 105 during a 
single mode operation of the VCSEL 101, a threshold 
value of carrier density required for starting multimode 
operation increases significantly. Since the loss 
determination element 1 17 at least delays starting of 

multimode operation in VCSEL 101, maximum intensity of a single mode light to be generated 
from the VCSEL 101 is increased significantly. 
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m % y- > © 4» 'C? r: as \/— > J* s n, ft j6 u 
z.t\zts.z>. ss. y- * « * - v u 7 msttm& © 
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^^SttM^l 2 5tCS^f-2>. »^^^yif ■ U 
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ftjft*««4>-r*. ±*$7-hs*i i 

CttC^oT, JftftflU ©at- 

Jg 1 0 9 ©¥BfcSa&:*l*JK*V>T#3Mft 1 0 5 K» 

[0029] VCSELlOlit 12 7 ©S® 1 
4 1 K-iOl«fttS**CtCJ:oT}g*Sft*. 

[0 0 3 0] ttf&BB. 1 0 9 0¥®K*W--63t^a« 1 
0 3©«I#li, ±*5 7-Itl 1 l©ft»f7 

-> 1 1 3jc«t-oTjg^$n*. flss&sg :/->©£!* 10 

KR3n*£l*#j&*3F+#K:fc*. tot, 
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JM*. 37-!/->l 15 >©W©at» 

15 9 JCHtS— sc-r*. 
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>\zfflm.2tlZ>. <££»*V*— >KlJ:oT. StttiBttl 

2 5 ic«Lvr*p-if*«tt©ffl#H# , t > 3 7 • v->t 

H«ftS©l/->fc«l8$n*. 
[0 0 3 2] fiKjf*»y— >1 1 3 fit, «F»lC«t. 

— «*1 1 lfcHWESft*. ^U^A*fc«Bfcj(S©J:'5 
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R»*vr->«, aur, Mttffl^i 2 5i*j»c*t®^ 

■B. 

[0 0 3 3] KWmthT, ±*5 5-Ml 1 1 ©4> 

ffiM, (native oxide region) S^^TS Z. t\Z =fco 
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ttttttM&A&ttttJBil tHm*e© 40 

m<Dmm 1 4 7±(rie@$ns. iffis^cMHi 
^©jstrss. ia^®«T?«ifp-rsvcs 
1 1 ©*® 1 4 7 Kxtr^*->*;pj«fts-e-fc^f u 

St& (G a A s ) OlT^S^t^IiLK ffl©^S 
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3 1 «^LTft»Sn«l/- tfSSSt^T • V->1 1 
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n«*|^^«^$!l«^©*«#:^©aSf*-C 
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trPLT^^S^l 0 3©3t^ajfe***B*-r*zitfcJ: 
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[0 0 4 0] 1 7, ±S5 7-i«l 1 

-fy©K-/1>hdiK-7 p $tlTt3D. T^7 77-f 
>^I1 3 7&tfT#5 7-«*l 0 7«. ]S5*i:fc, 
P^-fyoH-/T>h^H-^nTH*. IS12 7 
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*W-*IHItt*Bi 1 2 3 BCfcoTlMfoWBjfcSn*. 0 
lBII^tilMCi^ tltf&J&A&ftffiJRtt. VC 
S EL 1 0 1 BK±^Tfg£T3ftKMLT§B;3&a5f« 

jt&ttfiJii i 9B«, em** 

1123 B©4»'6*^^ffll 0 5±\Z<Z>£o\ZhX. 
±^5. y—Wg. 1 1 1 ©aS 14 7 KEBStlS. SB 20 
14 711 12 5 (H1A) * *>Mm<Z>±Jj5. 

1 B<D±\zmt£2>. 

[0043] mmBs&mikuwmit, mammi 2 5 

(01 A) fc*£-r*3tlC#bTaiHfcR*#tt»©Ji 
T?**. <S i 

,n 4 ) , Sfctt, -gMfcSSi (SiO,) Sfcttngfcfls 

(Tio,i tv>o&ffiojg^-r*si«#*mt 
-r*Efc**we**. 30 

[0 0 4 4] tftffi&AJit£tttlJI 1 1 9BOS$lt Efl 
2 3B©T|-ftKJ:"3Tifc*D, NMffi?j&ft£tt 
»0©J*Stt, EI**BfK+»fcii«bft:»tn«a:53S: 
V>. CWSH© 37 • V-> 1 1 5 <D<$ffl- 1 5 
9 ©±Kl«fc*IHtt3!Bf©— Wton-CJt^ttKH&oT 
JB!l^3tlS|HI^B©S?3tt, A/4n$tt5*l:Sx. 

i^T, nBli«»*lliill9BO*I«: 
«»©HSf*Tr**. ?Mt£ft©tt£-, tttt7gj£M£lM 
ffllBtt, JPSiffll ym©^t;^©Btc[HI^*® 1 2 3 

[0 0 4 5] IMftg/Sft&IMttjl 1 1 9 B ©EH**® 1 

2 3BH 01 Aizmmvx±mcow^mi 2 3 tisj 
«. yt^mi 0 3©^^jB^-r^.(i^<h, ^^© 

5. tfttt&J&ft&IMttJI 1 1 9B(CioT, 
[0 0 4 6] 1S1 3 1 Btt, ±^5 5-^1 11© 

m&i&ikfflwm 1 1 9 b <Dmnfcttmt$&mfee>frit>, so 
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ill ©a® 147 iciee^n-&. m-n 1 3 1 

Btt, +i*)t*«i 0 5±K«fcBU 

©n7 • 1 5 CgB^WKJt&oTV^., Qll 

3 1BI1 V C S E L 1 0 1 B lC«toT%4TSit^tt 

asn*«3tt#— h 1 2 9B£^-trJ;5i;:jB<££*iTV> 

[0 0 4 7] VCSELKioTa^ffittflyc*^- 

&j&m^\z^Tm^n%m^m\zm?htzmik* 

«*, 3K¥£«i*j©3te©tfc*K:j:oTfc*.&. '©th^ 

-«w©s*mskj:ot*ss. Aafw&«e*©±ffi» 

^VCSEL©±^5 7-M^ctr«, »2 0^ffll^ 

[0 0 4 8] 01 AfC^-rHJfi^©*^. VCSEL© 
flk^t-F/^-SJ&fcSii-SfcffcftfcaFFl 1 7© 

Zti-rmzmmisT, *©Kt«s*4£T3«*££KJ: 

b*v»tt««»4, v— *fftm&±cz>u— if* 

HE©*/hffiT?»*. »4*#fcjH*.*Ji*»±#3 5— S* 

[0 0 4 9] 02CH #3£BJ?l;:J;.SVCSEL©£l2 
©3EK5«2 0 li<S3ftTH5. I2©*IMH, 01 
AlC^TS! 1 ©HM0!Ilc2£t?< fc©-C£S„ 

[0 0 5 0] HI AKjS-r«l©SI««tH:*Jfr*i, 

0 2 ic^cTV c S E L ©tPtigta. fg;*;t* 5L£vM**»t 

©a*b<&V>»Jfp/3*fliJbt* fc. VCSELKioT 

ifc'f ©^ > -> ^ ;u© vi o 5 ©^-ft: tf «t o 
ti-r*. 0 1 A©«j*B*fc*#ife-r*H 2 ©«^^ 

1 1 o±*«»oti:** VC S E L (DiitKfit). -I 3 

hd, 01 Aizm?nmm<Dtti&-?2>ffii8.mm£m— -c 
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[0051] m2\z^-tMmm<^m^, j*5 7-(wt 
2iiit umzmm.^nrz2-D<Dz ; 7-mT. Tfcfe 

■fe, 8t*5 5- 2 4 9fttf£itt5 5-2 6 5 5« 
/San*. 5 M^rifc, ±*S5-««© 

Sflt*IC«»*&«T. ±*5 7-SS2 1 lCD2*f 

St*0d©±#3 5HH«J:Dfcfiv»»£-TaoTt>, ft 

0 3 ©7fc¥Sife*4>fc <■*-*;! £*«iiJflBlc& 
*. ±*5 5-M2 1 l©2* : ?#|jftKJ:-3T. 

fflHi o 3rt©3to*«»**, m^&m^2 1 7 It J: 10 

*«^E*fcttSbfciasf&r«ii!i*itti[*fcttiimrn 

&&Z>Z.£\Zt£Z>. ±*5 5-M2 1 102tf«I 
lc«fcoT, L£VMi«8St£ti:*;2it.g>;i,h&<, VCS 

[0 0 5 2] g#tt$5-2 6 511 fcjfiWIc, 01 A 

ttm&&l : t<&2>tztb. JS13 3SIX13 5 (01) © 

•t^^Ms^-re^^v^^s^oTVis. mtux* 20 
te?S7-ii, — laic, u#v»«««*»rai;'r**a 

#©VC SEL©±#5 5— *>6~1 0*fcfc*tt 

[0 0 5 3] 5-2 4 9 tt, i^a#T^iffiS*f 

^^Sfc&ofc, 09*.**, 125 1&OC2 5 3 ©J: 5 

g3^qA/4n,T^, 21 JIT, n,«&Jg©gHI 

#©S8f*T*?K aWtfHfcT**. WStfctt, 

5 7-B, =&itfikms i O, t~ mt^?>T i O, © 

-HM3£*S i Ott&ft&ms i 3 N 30 

-tt, tt©*£t-*#*frrR*^tt*fctt¥i*#» 

ift©3£SJl#> ZMtfL-rz Z\ £ <b oJfjgT&S. 
[0 0 5 4] 7-249 K:fctt-5JI 2 5 1 

2 5 3©J:3£*f£fc-j-Ji©*WU £#tt55-©ffl*f 

«»cfiv»R*t*Ri>b3^^*>6r> mn<t5i7-\zziL 

T, ±*S7-ft2 ll*t, VCSEL201fflbf 

bv>. Rt#S7-i:*(t«ISl:J;oT, 40 

itl/T, t£*©VC S ELO±^S 7-®«OS«$ 
Kififtl-r*«-&S»**«*fc±*5 5-*«2 1 1* 

[0 0 5 5] S*ftS*f2 1 7tt. £*tt5 9— 2 6 
5 t»«<*£5 5-2 4 9 ©mfcftSttfcttfftgJ&Sjfett 

in 1 9*»&*rican*. Mff^jESMjiceomm. e 

lffi55-2 6 5fr>=>jaK5©, *®1 2 1 ©EJtfc*® 1 
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£\ Mfflgj&fl&fflttStt. VCSEL20 1l:ioT 

R^-rsTt^bTjSWfe^frWftojBT**. MIR 

5-©j|®2 4 7 ItJEB^tlS. S§«{£5 5-2 

[0 0 5 6] ±*$7-M2 1 l£2^©5liT, -Tft 
to*, e#145 5-2 6 5&tffjf«#S5-2 4 9 |C# 

ffl-ractfcioT, *Mc8w£*t2 i 7©*»tt*»it 

U VCSEL201I1 01 AlC^miS0»Hr«toT 

[0057] 01 bc^-t^'jx— > 3 >tt, ±Mitra 

«©"*»D;*T«EiES;SfiU flUfefcJfcSfrF 1 1 7BC9fgl 

[0 0 5 8] 02{C^"T*J®M, fttf, Sf«*5 5-2 

4 9^5 5-1^2 1 l©KIW£ff3irr-g>, 01 

Bfc^-rnjiM©±ai©/\* | jx.-->3>©Mfpf4, #i 

ggtt$5-2 6 5*J|t-JB©i|s|M*tK«#SIA*c:4: 
JC«fcoTfBffe{b*^^Ta5«. dtldHTSfc^ 1 "3© 
ffljfttt. **#©»tHW»*fi»ifeft!l«IJBfc©ffBSfcJ: 

oTSM£tl£>7fe<hSi^#:3 5-K:«fcoTS#t£ft-57fc 
£©ffi©^##*, *He8IMt3 5-te.fc'3"rEtt3ft* 
7ti^**Ml 2 3K£oTKS*;*ft57fc<h©Pifl©^F$8 

— jl— h >©m^-f :/©^/^->££i;£nJfg'l4a* 
&«. ffS*U/2n,©«E»ffiFTr*») 

(ZLET, n.tt. -##«:ii©#»©JB»f*T*«) , 
*©e*tt«K«>*ft:»H— y^nTV»S. ¥2»&JI 

5 7-C±oT> ±*$7-M^2 1 l<DKMm<Dm£ 

[0 0 5 9] *%ffll:.k5VCSEL©fe^ 
mifi. 0 3A&Z*3Bi:04A~4DtC.^£nTV>&. 

f*nfno«*8ai»f 1 1 7j&«. BSrfttf 

fcteJUrf*U;i«fcoT, ft^ttl 0 5*&©«3frH9IIJ&« 

»-r©K:*i;T**'r*7t*ia**4i;s«*«**'r 

*, 01 A. IB, 2fc^-T*Ji«4:«*#HRW 
K, 0 3 Amf-3 BiI4 A~4Dt:^-r*JSM©ft* 

ft^s?3 1 ims-A 1 7ra, -tti^n, 

[0 0 6 0] St*. 0 3 A^OC3 BJC^-rHJS0tJtC-3Vi 
Tlft^-TS. HlAK*W-S«js8SSflfc»*:-r*H3A 

S.lX3B©^figM*«, (WIi;#^#^T^3nTV^ 
©T, ZLZ\1!\tmg.<DWimi*&.?LZ>Z\i:l l Z'rz>. 03 A 

&DC3 Bic*-r*Mw©jtt«-r*«*H*tt, -w? 

-5. MJST-S^©^:!/^^ bfc#M#^©S^«, Pi 

hm^j »c *5 it •& tn^n <Dmffcg m \z m x « ^ -5 1> © t 
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H3AK^-mtt&/£ja&iMffje3 1 9 a £12 3 b 

C*-m*B»riE*lbfe(M»fli 3 1 9 BC5M*lc^T«*S 
fcCQt^^tl^. 1 l©_t§B©40 

1*3 B*^#fflS3nTVi-5. 
[0 0 6 1] ST. H3AXt^3B»Cw-ri«fi«K*a 

bfc^ir^ViTiaBJ-rS. VCSEL301AS^3 
0 1 B©»£\ Jt£&5£i{t^3 1711, li3 3 1C5% 
}fc#-h 3 2 9^{C*5ViT, ±Jj5.7—mm3 1 1 ©Jf 10 

3t*ttl 0 5±K«fiC>**<*»**ffi3 2 3fcJ;oT*i 
»#»**3ttifcKWI»jh*M*©*T!a*. ftf^fSfltfk 

m'mm<Dm%mmz^-DX. sow*©**** 

-5. ft^ttK^T, tft^j$j^fMfiJB©Jl^ttiK)m 

A/4n ( TW, E£T?, m«fli$CT&»3, n 4 

«®3 2 3cDfc«6JC, tttt&j£&5fcfflffi«©J¥3tt, ft 20 

(0 3 A) , &£W2, «-5 (133 B) ©T\ SS2gB3 

fc»*3J*S£tt±A/4n«*£W-»fc«£i:Kfc.6. A 
53SB3 5 7tt. ft^ttl 0 3 ©«#K#fcl*»L&*M|5 

37 • V->1 1 5 fc«cffl*T*!/— >1 1 3tC9t#l 
5 9 m 3 A&tf 3 B Cittl«©i 

tt«ffi3 3 1 tO^fCffiebTViS. f^#3gtbT, 30 
^jflgBte, 5 9^e,^#tt<Cf^^oTA 

flUcfiv>E«**v»xEirr * c 1. *> Bjtg-efe-g.. 

[0 0 6 2] SUttia3 3 IB, 37 • I/— >1 1 5IC 
»«i:l&5±*5 7-M3 l lositsisn 
«. ±*S5HS*3 1 lfctt, «Mt£mS3 5 5*^ 

tfctaissbw, ^ntrcfcoT, ay*«ffi**, 37- 

©tEUTt, S»K«S 3 3 1 fcjgftflSW £ 40 

-*«© 1 oHlolOJistl*^, «Sfttei«I©3f 

M^i^Ct- K© F-/1> h£^»K 
•5. 

[0 0 6 3] tMTOg&jfl&IMflJI 3 1 9©R»Rjfctm 
tt> ®Sf^n 4 = (n s n 0 ) 1 '• ©»»;&:»«#-?* t) , 
££-C\ n s (J±^5 7-ffi^3 1 l©#i±gBJi. Tift 
fc-S, ^85*£tS:S 3 5 5 ©^©Hef^T* 0 , n 
„«> ^ft«®3 2 3 £*#&fc?1**©fl»rJ»nr* 50 
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5. £©g£#te. ffl*. SS«, as«©^J£tt;tf;*, £ 

-5. 2fy*AJtt**«lMIMi©*£\ Ritl»jI:»»©H 
»r*tt, 1. 9~2. 0T&&., £©I£B©B#t¥£W 

■r*«i«#ir«. (s i 3 N 4 ) w-mtT*? 

y (TiO.) Hfittft*. Bra©JB*f**«#6n*J: 

[0 0 6 4] H3AKiS11tK«0*^ tt9ragjftfl& 
fMffM 3 1 9Att, 3t*ttl 0 5fc'*ttSJ»«*!&*K»£i? 
D (m=0) T?*«. fHR&j£K&ffl*|/|©ttiIi!£S3 
2 3AI1 EWCfcD. £©&», Mtt&j$A&lM>|fl| 

©jpstt, 7t#tt*^©{B!l^msi©Mftir^i;TSfjiW 

KiS4>U Mj2§B3 5 7{C^V^TA/4 n«©J?3Kl3S 

[0 0 6 5] ifcKl, $fH5i;Stf*«)VCSEL4 
3Mttl 0 5*^©ig|B©MSIC«i;T^SMl 0 3© 
HlA©«j«B*K^iS-r*BI5©«|j*»*tt, 

it^TSssnrvs^oT, ci^-r«s*©ia^«ffi 

Jg©Tfc&Sfi£#©VCSEL©JStj£gs!St>. 

0 1 AlC^-r*%^tC «t* V C S E L ©SWSWC 35^-5 

[0 0 6 6] H5fc«, **9§fc.i:*VCSEL iH* 

SEL 1 0)&»jS.*mrv>-5. VCSEL 1 0 ©#-g\ * 
Mffift6 l«^«(C$&SnTViS. SMgB#-6 1 
1S3 1©^#-H2 9rtlC*^S±>&3 9— *«1 
i ©*®4 7©— 3ttt» *®gB^6 llr*5tt 

s¥##£$ft©ayMr«koTEjtsn*. *jB«»6 

1 OMM*B. -h*3 5— ««©#fttt-rJi 1 3 3S.OJ 

1 3 5©J;5ft4M©B©;K&f3$f£{a#^b<, 

t, 5— ««©sw*ki&»& d ©«j»«x«rr. 

z.<Dtz®, yt#&mi o 3©3t^a*tt, «a»6 1 

©Stt^tCJ;oTSt*-5. 

[0 0 6 7] #tC^3 A&IX3 BlrM««<i:> Iftffi^tt 
!kfflfflm3 1 9(1 ^ttl 0 5 \Z&V}2>mZifim\/ 
4n 4 T*f3 (^ei-r, m«ffi^-r*«)) , ^**®3 

2 3©fcJe>lC. ^^M*36»&©«*E«l*»i«-r© 

KjfcUTfcrjtMKirrav »-sv^«, m^©-c. Mfflgu 

3 5 7 lZ«(t«ttff^«^ft!lff «©/*$«. 

*W-*»at*5±A/4n,**WS»:-&Iltca:*. 3t 
*WKi*W-*j:©lt*K»j««lffe«l»»©»*©&«>. m 

3 i nz£-?TKkttsnz>ytiimmztiO, jt^WK* 

(t«±*S5-**«5K»*l4. S®gB^3 6 ICS* 
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©aw*©*** • zm-st mm c 

**. ±#3 5— **©RW*, fct. Jt*SjHl 0 3 

©#^S5fcfc#LT&&-rj»*tt*t«-r* it#T* 
[0068] mmm3 5 7 £&H-sii*ra&E£8i&ft!mB 

3 1 9<Dm2<Dtz.tb. EMK3JB3 2 3(r*5V^TSIt$n 
±^$7-13(3 1 1 ICioTRItSni.*t 

7©Ti:ttit*aiB«»3 6 1 <D~mz£%fcMtfm 10 
m<o- i to<oyt¥H&iifi> yt^m 1 o 5 iz&mjttmtn 

©3tt*Sl*J:?) 
CO 0 6 9] 0 5 £^SagB3 5 7©Rlfc*»t* 

mmmtfm&uwm 3 1 9 ©jp£ «, ± a / 4 n 4 ^w- 

«fii6<)»c^ffc:-r-g)„ ^bt, ^tt*®3 2 3 tc«ko 
TRftf3*U&3te£±2r5 5-«tt3 1 1 lC±r>T£St;* 
tt*3fc©ffi«3SH:. 3fc*tt3^6©flJ*K«l©3E*»CJ6i; 20 
t, 0' *»6i8 0* *7r«itttlc*ft-r*. ft^T, 

#^*&©ro#saita«M-©fcjsi;T, ±*$7-s 

«311 ©Stt^te, @3COM3 8 6 (£<fcoT*£ 
nSJ:3K:. 3fc¥ttfc:feWS«*«jfc5Hia«$3 5 7C 
*tt*flMN*£T?}|fii»KI*TU 1^11 0 3©7t 

d©aiSK*:i;&3t*a!«K*»i--6>i£^a*©*»^:j4. 

VCSEL301 ©^C^JtS*.^— KSWP**$?i L 

[0070] mi A.mt 1 b KSc-rsuffi^jcon-g-© «t 5 
03 asz/3 Biz^-r^mmo^- pmjjnv- 

«. fi*MiT3 17^ ffi*CVCSELMC9 
Elt*&»*.S±2r3 **W4, ^-CSStf 

4 *t«fc D 4>fcV>H £R&*T-5 21 1 \Z T®T bfc 

-tfts.'y—ffi&izmsznfttLTh. «6*©vcse 

f 2rj©5 9-* : FKi»*ib. abfeftjg^^-i-ne© 40 
ra fct***i* «fc 5 t-r * c i k i s xif-r e t a* Bimx 
±*$5-«b, »*&-r«**«e*©vcsE 

L«91*S7 -*« J: V 0 v>e*tt 5 5-i. 
±#S 5HRttfc43tt«Rlt*£ L#VMWt»to«H 

£>£>«£*© V CSEL CD±^3 9— ««JC*5^«SJ»* 

[0 0 7 1] 04A~4Di:lt ±*S7-W2^ 

©^fc^j-Sijsnfc, 0 3 A&tf3 Bfc^TIIJStfiJ©,^ 

[0 0 7 2] H3A2fe(^3BlCjS-r*Hfi«tlfc«-r* 50 
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£, 04A~4DIC^TVCSEL©^jg»C«toT, £ 
*"r*L€rv»«*8t©SBSL<ftV»SffPffl*#'5lli:a 
<, V C S E L fci^TJitf Sfbt**- H 

sti^c^-a-*, js*st3eai : P4 1 7©#^>->-wk£>^ 

o*3©3Mfc***£?Jfl6fc!&:.6. 01 A, 3 A, fttf, 
3 B©*J*B*fc#**SH4A~4D©*J«»*tt. 

0 4 A, 4B, 4C, RZf. 

4v\z^mMM\z$>nz>tti&-rz>ffimsmit, tn? 
n, x^a, b, c, D*^ipLfcrai;#M# 

Lfc#JK#*l©*jStt, 4-3©H*fif!©^Tfc*H-*-t 

n^n©*j^*K:iSTtt* *%>©£*&?-. 

±#3 5— flWt©±;&gB#©Tt::*-& V C S E L ©*gfi£ 

sst*, 01 A\z^-rmmmo)M^-r^m^Mmtm- 

T?afeSfc«e), 04 A~4D*^#IS3nTVi*. 
[0 0 7 3] 04A~4DJC^-rHJfiWlC*3lL 

fc#s»:t>v»Tia^-r-5. 04 A~4Dic^-rnisM© 

±*3 5-i«4 1 1 «» BHflfcE«3tt&2"3 
05 5-1?, f&to-fe. »*flc3 9— 4 4 9 <h£?H£ 

±#3 5-ffl«©S»*K|?»fea«^-. ±#3 
«©«E2* ; p«|JftK:J:ni«, e«tt5 7-©SW^ 
t/*Vit«iiS««B«Bi;T*«a*0VCS ELO±* 

43ft*#*3»m 0 3©3t#«**^«c<-r*;ii:*»nl 
ftg»Cfc3„ Sfc. ±{fc3 5—*«4 1 l©2ffij|C 
ioT. yt^&mi 0 3©3t©*«»«*«5fe*Jfe3H ; 3 ! -4 

i 7t±*fld^E)ifctt#b&K»K*6an*cfcfc 

fcS. tot, ±fi55-4 1 1 ©2* : ?«itiC«to 
T» L£WiS*^£if*£-fr-5 VCSELl: 

<Dt$9- > v -V ;p© V>^> 5 ©^flS**HS5 
[0 0 7 4] e»143 5-4 6 5 tt. «UfiW»r. 01 A 

i^tvcsEL i o i©±ffi3 7— ffi«tl^«|-cabs 
-^©SI«5£<gT£i£3fci£K 113 3X^1 3 5 
(0 1 A) ©«k5&2*£fcf a#4>&<&oTV*5j&ai 

fc» l/tV»ffitSS©iOTi«|^t:T*S VC S E L 1 0 
1 ©Hi£0<l©±e3 6-10 

[0 0 7 5] gg«#:3 5-4 4 9 «, itSV^HSf* (WI^. 

«» 145D t&ummm 1453) a^ 

#T^> »*#Jl©HHi«iS«4B*.TV»*. =&^©J¥S 
HA/4n,t$D, i^T, n,tt$lf|#:B©^©a 

mk3-$>T i 0,©3fcSH. — ^<k^ims i 

^iiiT, ^57-n te©*&-rs» 
«fls*r»sfc«#*<*:«»©»&!6: , r5SsjB^6»iae'r 
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[0 0 7 6] mm&S. 7-449 IC&W--5S4 5 1 Rtf 
4 5 3©«fc5fc#£&-r»*<WB©Rtt, e^145 5- 

T, T^M 10 5 t*W-*±^T3 7-^*4 1 1 ©«£• 

z> rt?* -g, c t anas b v>. 

[0 0 7 7] «*^T4 17[t filtt35-4 6 10 

4 i 9j^5«^an*. mmMf&mfkffl'wmit. fs^tm 

Ht *»6«IW<0, e*te3 5— ©*S3 4 7K 

l««*lW«IB©ff33&«, 3t*ttl 1 0 5 £^52354 5 7 i 

103 <DMfim.mz&t£z>m%Mi$.m£:fflwm 

1 5fcfiR»*»y->i 1 3©«jsLKH«-ssrrs. b 
4 a~ 4 d ir^-r*i£^j©«-e-, mmn 45711 

©«fc3»c. fi^fi£»^*!l«Bta««a3 1 i<h©% 

fctf^b, *<6V»tt, *IH 5 9©^«K«V»EIK* 

^wrEB-rsct'bnJte-e&.s. 30 

[0 0 7 8] tftffflgJ&ft&IMflJI 419(t RjtBfrjktf 
»©II*|5J8B6)B*C*0. »«#3 9— ©»»©l"3fcJ: 
*JiT**Ht*»a*l/V». T^ffl 1 0 5 \Z£iVZ>mt$ 

fcl«fiSfc<, lftffi^Mjicimi9JI©J9d«. 7t^Wi« 
ffllH54 5 7 £©im?»A/4 n 4 «W-«fJt«K«<fS-r 

40 

[0 0 7 9] H4ARtf4B^t*IS«0*t. ttff 
^S*WPB4 1 9 AStf 4 1 9BS, M2f«hfc, i* 
BilT*©aJi*fl£*m» "Tfeto-fe, M451 trau«»© 
tt*R&J$»£ffl1M;tfffijatf¥#&©JR ,, C& 
*l«»*»ifelWW*©3tt*ttKi*W*J»Stt, 
mA/4n,i;&5iit 1 JliT, mte#l$:T?a& 0 , n 4 « 

(MB»*fll**lfPJi©#»©jffl»f*r*-&. *&. lltt 
»JsK«5feMli»*«!«jaSf *©#»©»"?* 

#3 7 — ttffi!S:©li£#*.. ft>MlOi4 5 i€ 
JB3r**m©JBfc&*. 50 



[0 0 8 0] 04 CSO*4DJ^-r^3iS^J©«-&. 
»J*Jfi5felH»Jl 4 1 9CM4 1 9DB, mjjth, iS. 

ItliS. tiSr^^j«*©IffliB^«HST^#5(sf©llT* 
3*§£\ H«»j«S*6HIH©3fc**lllK*W*J*att, 

tt»»J*»*fW*»©*m©JBSr*Tr**. Sfc, Mff 

»j*«*w«ji*«fija#f*©»»©HTr*s»#. mm 

flcS5— tt«F*C©»S*iL, H4Aatf4BCiS11ltfi 

0tJ©£5Ki, gfc?MBI©Jl4 5 1#»\ iSJfflgT^tmojB 

[0 0 8 1] _Lj£©=k3lr, ^JBMc81£fli!lfflJi©J?£ 
«, tftSffiBj£&&lM*IJR;0*. *H»r*»»©Ji-C»* 
j6\ **V»tt, ffiJH$T#tt©J»T?*Sj&>fcH«fc<, ?fe 
^ttl 0 5 £M j2S54 5 7 ©WC* V>T*?J± A / 4 ru 

«w«itwtjefl3-r*. H4A&ot4Bfc^-r*fflM© 
-tn-^noitSB^riEflUfewiiJi 4 1 9 arm 4 1 

9BI1 3t*ttfc*»**JlIS«»*5lmA/4n4©JISJBSf 

**m©jB-e*s. 04Aic^-r*ifiw©»^-, ttxgg 

j£*R£:*!l»®4 1 9 A©^ttK*ltSJ?SttStiifD 
(m=0) T?**. tra&J&ft£ttftlJI©»i8l%S4 2 
3AIJ, EM*T*0. £©fc«>. ttjffl&SK&ftlttJS© 
ffStt. 3t*tt^6©«l*E(ll©K*fclSi;T«fJfiWKl 

fi^Cb, ^>29S4 5 7{C*3V^TA/4n 4 ©ff^t^-r 

-5. 04 Birs-rnjStftl ©*§-&, H*W»J«Ja*WWJB 4 
1 9B©>t*ttfc*lt*ffS»4»A/2n« (m=2) 
T?**. t»ffi&jftA£inf|JR©ttttXfi4 2 3 BU, 

C©fcg>. tfttt^j$ftjliMMflM©J93tt, ft 

4*ifc3&»6©«*Ei«©ffiftK*;i;T?ipfaiWfc«^b, a 

4 5 7 K43 V*Ti!& A /4n, ©JPS I'jgf^.. 
[0 0 8 2] H4 CStf 4 DfcSHUIlMOi^. ttl 

*n<DmnMf&m?kfflfflm 4 1 9 cxz* 4 1 9Dit ?e 

**fcK*»t-B»a*«»p A/4 n, ©4iJOlFf4!tm©JR 
TfeS. H4Cfc*-rSllfi«©*^, tttf&J&g&fflfll 

14 1 9 C©?t^Wlc;*3^-&jl${aiSS<]A/4 n t (p = 

1 ) -rafe^o Mff&j£ft&fMtlJI©ttti£94 2 3 c 
a. H^-eabO, z:©fc», ttff^»4-iH«)R©j*$ 
a. 3t*tta»6©«*re«©ffiSfc*i;T}ififittK*i* 

U ^jSSB4 5 7 lC*5V^TA/2 n 4 ©^^tr^-T-g). 
0 4D^-rHM«»l©«'&, Wra5^}t5fe®ftIB 4 1 9 
D©7t^ttlr*ltSff$«»«jA/4 n, (p=l) "Cafe 
*. tttt&£ft£IMIl9JB©tttt&B4 2 3DH, fl^T 

4 5 7 Jc*ViTS^ifn©jp$ic:^-r-5. 

[0083] 7-mm4 1 1 * 2^®^f, -r& 
anctti^x, «s*f4 1 7©#»tt*«« 

U iJUfeftJES^tt, H3AR«3BK:3S-r*««Ktfc 
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ifiolffiZteZ. Ztlff. M3 C©fti&l3 8 8lr<fcoT^ 
[0 0 8 4] 3t*tta»6©«*eilloai*lC*E:Dfc3tt* 

k*sv>t» S13 4 7 tmmmm -i&mmmm^4 6 3 

£©ffl©3teB&:gte, A/2 n, ©figc-fetfe***, 
T, n T «#B&K*ttS^©¥$J3*T*T?*-B. 
tUT, KJaiFf* • eJSSf*^l?-4 6 3. 2fctf, 10 
S.y-4 4 9©^>9©®»CJ:oTS^Stl^^«, £ 

5 5 -«*©«■&£»**«*<;&*. 

[0 0 8 5] Jf52g&4 5 7fc#WT:, *®3 4 7 t«JS 
Sf* • fiJBSf*^4 6 3 t<0SO3KiiSfitt. A/4n 

T©«f»«T?**. Mstbt, mmmm-i&mmmm 

i5fm#3 5-4 4 9©giD©Ji»C«fc^T,R#f 
StlMtt, eitt57-4 6 5l:J;9TR»3n«je 20 

fttf, Sf*fle3 5-©3»»)©JIKJ:-3TK#3ft*3te 
tt, -E«tt5 5-©S*r^$r<gT^1i-S„ tot, ^ifl 
«4 5 7C*»t*±*3 9-««©»'&K»*a. &m 
tt3 9-J|lffl©RW*J:t)fi<&0, ettt5 7-i^ 
m#3 0 < 

[0 0 8 6] 0 5 tmm&4 5 7©WfcfcV> 

ic«t ^> tsw 2 n%>% t avL*B&ifimMm \z&it-r % © 

«^-T*S«lt, gift5 7-4 6 5 ©£#**«&?- 

*. titoT. ^©^©JiW^tJaiagBt©^-^ IS 

i«we»tt5 5-©fi»*s erst*. 

2I«d:©nB©Br?E©#-f >HK*lt*e»tt3 5-©R 
#t*K»-r*W8#S9-©£lt*©S**«. ■€■©*-< 
>MC*W**®3 4 7 tSlBSf^ • fc®ffimm.fr4 6 
3 £©RI©3fcIBftK:J:r>Tft*S. 

[0 0 8 7] ^E-nifft, S3 A&tf 3 B<h, 04A-4 40 
DK^TJSifeflMfeS&T 3 1 7&.tf4 1 7©W3M£«. % 
3W«10 9 (BUI) ©ItFtfFoRSaft&miKJ: 

&*>»©§?• WfS VCSELOlt VMB 
C»t5. 3 1 0 7 Rtf 111 (H 1 A) ©S 

ntt. %7fc^©S^#F*^&<fc<5£, bSHttt' 

s<fc*. for, aftttttwM^FRSirt^s-a-* so 



) #Wl 0- 5 6 2 3 3 
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»M^if3 1 7&DC4 1 7KJ:oT£i;S. Bf 
3t©«*EKUCft#lxfcK»J|S©SC{t*»6fei;*b*V» 
ffl©SSfl5*«*S<J&:*. 

[0 0 8 8] *l:H7A-7JtlHlT, H3BI:* 
T*R9ifcJ:*VCSEL©^16fc|©Wft«®3 2 3$ 

Tai^^^tlC-r-So E©#j*tt, ±>£©VCSEL© 

ffi©sas«c*Jtsj«ft*a©»j*icfe»K-r*c:t*« 

[0 0 8 9] 07 A~ 7 J fctt, VCSEL3 0 1BIC 
&-5fc©©±7j3^-fig^3 1 1 lr*3tt-S±^3S*^ 

^tixv^. ^-rs^sowtc, 37 • 115 

SfiH-rSfiHSf*!/— > 1 1 3*«» tE*©-*»0:rCJ: 

3. ¥^*^i-/MC_h*3 5-fI^©^t-?-©T»r{a 
S-r-5B$fe*-r-5J:<i:tC e toT, i*WSVCSEL 
ya-fe^»4. «£*©&©-?& z\z\x- 

[0 0 9 0] KT©lftBHJC*5V^T, £x— AtaUBSft 

[0 0 9 1] 0 3 B IC^-TV CSEL30 IB ©ig£\ 
»»»J««*«!WJB 3 1 9B36»6«J«SnsSUfeft«« 
f317Bli K»l»Ji:»»©SIKi!b«*iif 3 2 3 B * 

09;ttt, ±^r3 5— flR«3 1 1C9SI3 4 7 
(CVD) KioTSWRfrltW 
#*©B7 0 2 B7 Afcj?;?-J:5fc, 170 

2©*® 7 0 6\Z7* hUi?7s hom 7 0 4 ^Sfrfljf 

[0092] ■*■©«««««** 7 o 8 jrioxa^anfc 
Pimm a m&Mifrr Vfm^) a*, ut-^j— 

> 1 1 5 3 K, 7* M^XMUcWM* 

*n*©j:3&ii'&-r*j»»isi«K3 6an*. 

hJB©c©«»tt. 07 B\zm-?nnj&y* huvx h 
tt7 i o tLXKmm±m7 0 2©*®{cS^n^. 

[0 0 9 3] ^ClC. ^J5^~i^2 O^ffiKbfc^T, 

x— a&*92 5 o~3 o 0° cs-rin^-rs. y*hu 

htt7 1 O^riO^-T-St, 7thl/^h« 

b, x->^>^ • vxi7 7 i 4*»jgj«sn*. mmmti 

iZ£r>T, mM7* hUi^X hit. H7Cfcwt?»ft 

^©tfMm£G9>rr 

[0 0 9 4] ^clc, |37D©^3I7 1 6 iZ^X^tl 
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>y (R I E) >Ji-Al:F7^ -X-vf> 

-M^MMI 7 0 2 l;e?$n§. Vx.— 
AlC. 5 0~ 1 0 OWC/W-T, T^=f> • -f 

^C«t^T, x.y?->if • Xy?=->y • 

mi i 8»s$n§. m«7 i 8©«s:/D:7-f — ;w 

«. Xyf>^-7^0«tt. Xtf. &ttl*lfcJl©jtf 10 
[0 0 9 5J K7^-X7f>m^T, 0 7 E ICtk 

s~7u7 4-)v<DK%ffi±.m7 o 2fttgt«*ns. a«« 

9BI1 ±^5 5-^3 1 1037 • y-> 1 1 5\Z 

©S®3 4 7 *««t**K»KFJhJBO!/->7 2 0 »Ci 

tt&J¥£;WjA/4 n,T&-5. 20 
CO 0 9 6] jJtK. 07 FtC^T<t5fr, RjttRrJhJi? 
0 2 0^17 2 4K#l/T«&S:7* h l^X h»7 2 

[0 0 9 7] 7 2 6C£-3T&g%3ft 

&. 0 3 B»^-r^«® 3 3 1 ©«tt*Mt57X 
^ (^0^) 37-7->l 1 5 l^'t^K 3=fc? 

sj-M^XhJBtt, TX^£:frbTj5^g§5©«fc5fc®-g- 

?Sfc?£bT. VX^C«t-3TI0^$tl.57* M>v?7. hJf 30 

o«»**»*an*. iott*, 8«bp*7 2 8ws 

^3n. S&fBSlkJf 7 0 2 ©31® 7 2 4 ©StttSfcH- 7 2 

[0 0 9 8] JfcKl. •?x-AfcS*ttX^^>^*«JtS 
ft, £©i£S. 8ittSlQSB7 2 8 ^LT, SWESlhH 
7 0 2©;g®7 2 4©§ftttg|$#7 2 9**B&*£ft-5,> Z. 

niz£-z>T, m%j»&&&zmiim 3 1 9 b 

S*f(»±S(r^ttMP«|5 7 3 O^MSft, 0 40 
7 Hlr^-TJ:^ (C^ ±^57-®^3 1 1©S®3 4 7 

7 3 1 #*tu-r*. 

[0 0 9 9] 0 7 I&tf 7 J fc^fjiJD7.^^^'»CJ;o 
T, i|!MMWl3 1 9B©i«lftt^57 
* h H7 2 2 LT, 113 3 1 ©Jgtfc* 

«t 5 te&SJi 7 3 2 *ifr*>tl-5. 7 3 2 © 

7£fiH«bTH*, 7*hl/i?XH7 2 2©gI7 3 

4 ic*fbTjg3 tu 07 nc^-r«fc^t, maffi so 



[3 4 7 © 
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7 3 0(CJ:oTaaiLfc±7j5 7- 
mVl$&tt7 3 1 CStLTlfiSft*. 

[0 10 0] mmz, y* hlsz?X M7 2 2- 
**»*fc43V>T£x-A©ife#;Wfrft*. 7* hp 

2 2©*® 7 3 4\z&mi>rz&mm7 3 2©95#7 3 6 

»7 3 1 Cffi*Lfc^M®©^t4S««@3 31iL 

xasft*. 0 7 j {c^-Tck 5 k, tragi? 

h3 2 9ii «m&j£ft*M«ji ©jamas 357 
[0101] mm. cvd, ffioi^r*** 

ft. ^-!SSSA/4n, (HHT?. n,tt, H©^© 
B*fr*-?a&3) *WTSM«#:W)fsf©iiJDS^^*«® 

3 2 3 Birs«$-a--5niir«t 0, -tft-^tu 0 4 BR 

^4D{^-rSIJg^©a*«^5 7-4 4 9 B£fc(i4 4 
9DSr^t*-5^t*tBl|gir?S-5. ilft$7-lt — 
mt&ms i O, t-ttft;^>T i , £fc 

h. -Kftsss i o, tmtmms i,N t ©»fcEjiA> 
5»j*3ft*©a*s*uv». 

[0 10 2] ^©y'n-trxtt, HlA&tf2Kw1HE 
ttSM©^* 4MB 1 1 9 fcJ3W-*Eltt*®» 0 1 B \Zm? 

£%m©shb#ji 1 1 9 Bic*^-&iHitts® 1 2 3 b. 

0 3 AlC^TSIig^©te^figJ***!lffll^3 1 9 AtC* 
tt*KMK«ffl3 2 3A, fttf, ^ft^'ft. 04A&tf4 
Cfc*T*MW©lft«»jS»ifcS!WJJM 1 9AW4 1 
9 C IC^^-SH^a® 4 2 3 AW4 2 3 C ©JgjiKICjg 

fcaft, ±*3 5— «*©*ffifc, J**M®@i:LT, * 
Jximik^©JI«3£ttS£ 

■a-, f ©±1:7* hi/-^ hci^l^^ns. fflv^e, 
n§7*hkvxMt *irr*fc, m.'kM'mmvmm 

&m*>'? 1 h<D-ef3;\im£fc*>ti\,*. 0 7 B{C^ffe©t 
H«©v;**;fttf*«:/D*;*£5pJJHUT. 37 • y- 
> 1 1 5 EiS&S?* M/J?^ h«CRJg©B8PS8^ 
J&£ft3. 7*hl/>?XhI^, i7Cl;St7f«;7 

5?* h**. !8Pg|5JcaEAb. 37 • y— >lcf 'C?**< -s 
H«<SW 1 ifiE3n5. ^C»C. 07DtC^Th*5-f • 
X-yf^-XT'yySfflV^T, 7* h iVv'T. hS©D3 

< ts^.© 7"D7-f —)vi)^<DT \zmtrz>&#Mwm 

[0103] ^m^mmmiz-D^xmmiyfc 
ifi, sir?, ^m<o^nnsmm<om^si-r. 
[0104] (nrnmm 1 ) jt#«iK»t> tsws** 

— HJttr— SfcJftOVCSEL (^ifi*tgS 
tf) T^oT. gVCSELW (a) 2fc 
1/ (b) **tJJl«?:ftWat"r*. 
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(a) 3t*S***fr***ffliHT*oT, K0tt#3H 
tt«T (a- 1) &HL- <a-3) £*tl, (a-1) 

SKOSSME-FSWU (a- 2) mllS^lOS^-® 

( a - 3 ) ffiE»3fc««©¥EK*ttSffiaB^ffi«© 
OT#IE#£J8J«"r<&;fc«>©¥R» 

(b) «£ifeje^g!:T!*r>T, »i«*ftft^aH:j|(Ha3tt 10 

b T Mffi3fc*£ m ©ft^Jf & s «rit w lew * s * 

■5. 

[0105] <^jg^#2) mvan^m&^sttza. m 

6©«*EI»3i«i|IT©fciSi;T, Mf2}t^£#!©&ErI2ft 

****M^Wfcfc*i*tf*&»©¥gw#£ns£i 

%&mt?z>nmmM i »riE«©v csel. 

[0 10 6] (&tMM*3) SME«*«fe#KfcHU m 
f -5 Sit SUI33tt*S» ©3fc iZta -5 *©^S* ? 
E L. 

[0107] (mmmm4) m&s&tHMiz* 
*» i -Dtin v^^nx v» n t t -r * , 
iticiatovcsEL. 

[0108] (£fflfe|jt 5 ) TKJM|J*L* 
- F« t-A**»t5ft»OV CSEL (SiS&igM 
®5gftV-— tf) T^oT, gVCSELBRT (a) ft 
(b) Z^tSZ-tZtemt-fZ, 30 

(a) 3t*Ja***-r*3tt*ffi«T*oT. g^fc^P 
ttfiTF (a- 1) &V>L (a- 3) S^tf, (a-1) 
«1©3 5— **ftt8B2©3 9— «*"C*oT. MS 
1 ©3 5-«ttfttf*82 ©3 0 
fOglt-FSfL, (a- 2) «MEi8l©3 5—fiB 
*££ftjf2fg2 ©3 5-««©IBKiJlE*nfcffi«3K««"C 

( a - 3 ) mESBtt««©¥Hfc*»*mC3tt*ffi*l© 
#l*©^£P/£-r£;fca6©^©, 

(b) 1ME»1©5 5HW* 40 

©*®±©n«»j«a*w»jiT*-3T, iMtfM*/£jii 
[0109] <^js^# 6 ) ftetftff^ai^iHffa 

tm\ZBJ& S n -5 £ t £4«R t f SHJEtttil 5 fclE*© 

VC S EL. 

[0 110] («I«7) fflBttffi&j£8t£IBinj| 



) ftffl¥-l 0- 5 6 2 3 3 
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CSEL. 

[0 111] ($KiR8) Sfctt*«5Ce*i©VCS 
E LTSoT, fflGttffi»j£Adcffiflil«t. £TF© 

(a) (c) 0»tfeft«VCSEL, (a) 
S»B&lh*m**AyT*D. (b) l!ME3fc*ttfc;&tt.6 
ffv¥**»mA/2 n«T?*0, (c) WfB3t*ttiW1B 
»»J»J«Sl*a9»Ji©«ia«»t©WTr, *9±A/4n 

^«©«J*lfilHC|»SSbTffi:*U, iiT, A*im(fH% 
3t««R:«*b3t3K©S[*Tr*D. m**H»T*D. n 
4 J^»EWI*±*m©JB*r*T?*.6. 

[0112] mmmm 9 > tfrtem 1 ©3 5— 
^143 7- tttrfHg|«#:3 7-©ra»c^inrvi-5 c t 

*««fT**ifili« 5 fcffi*©V CSEL. 

[0113] (^mra 1 0 ) mmmm 9 © v c s e l 

T'&oT, tVCSELB, Skf (a) fttf (b) 
tSZ\h&&Wlt?Z>, (a) itB»«f(t5 5-tl, 325 
Hfc^T, » 1 ©H»f**#-r**JB»f*»«*«». 
fttf. «ttffi3Bl©aSf*J:Ofiv»JB2©JB#f**Wr<5 

ffiH«*swflB&#a»^*. (b) miBttff^/tfi^tH 

%¥Qm<DMMmzttfc?zwjjmffiiie)m\z$i\,*T 

tt±A/4n 4 «»»v**«JlriftWR:jCfls-r-6. CUT?, 
A #mffi$»E«ttfc»£ L&3fc©«ftTr* 0 , mfttflft 

[0114] 1 1 ) nmmm 1 0 »ct2«© v 

CSELT^T. OT© (a) fttf (b) T^Si-h 
*tt*£-r*VCSEL, (a) ffifBttffi»/£tt£ft!|ft 

■©t&EK»Hrik*m**» ttrtam 2 ©S#t*$5 D ffifBS 
l©JBW*fcifiV»B»r**#L-T:v»*J:d:.?:, (b) ffi 
Clft*l5»J««5felW*»©*v***. 3fc3Mftfc:tSV»TII&mA 

fc#©fegT&9> m*»«»T?*0, n, *»1»BaRltl» 
±*m©Htfr^-T?£>£ 
[0115] (§HJS1S# 1 2 ) ffi£tt$rogJ«M&IM9IJe 

L. 

[0116] (*»^ 1 3 ) mmrnm 1 0 \zum<d v 

CSELTSot, MVICSELtttAT (a) fttf 

(b) -c**2it&»afr-B. (a) menff^A 
ife(W»«©misR»iWih»»*«. ffife^ 1 ©asf^ct 0 

(b) MIBM$R^^iH»ll©l9vlF«<. tUfH3ie**filX 
*5ViT*5pA/4n 4 T?S'3, diTT, A *t|9IH«3Cffl 



( 14 ) 



10-56233 
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[0117] (mmmrni 4) m&mwmij&ukmmm 

V»«tiS»«ttS, *5£SM*1 3fcffi*©VCSE 
L. 

c o 1 1 8 ] (jsyssiii 1 5 ) mtmytmrnz, 

mmn 5 i-ih«k> v csel. 
coii9] (.mmvmi 6) x¥mzr&-?xitt»m.m 

^-KftfcT-AfciMfrSfcJ&OVCSEL 10 
Il^k-f) not, gVCSELW (a) 
(b) Z<£tSZ\t*ftM£-rz>> 

IJHT (a-1) &V>L (a- 3) *-^tf, (a-1) 

1 1 ®5 7-®ws2 ©s 7-mtj&ot, mm 

iiSogWt— H**U Mf2?gl©$5-«lgt«> iS^J 
(a -2) MfSe^tt5 5-®^iMf2S2 05 5 
*tt#5*ttfc*fL-TSirea»), (a- 3) ffiriSHftK 

(b) l9IEe#tt5 5-tme««#3 5-©miK»E* 
JfiSfefMffliJf 30 

[0120] mmmmi 7) wi2i§«#:5 7-ic, 32 
sd£fcT, $ 1 ©jB*T*swr*i«HSf*ai«*» 

**> fttf, »l©HSf*J:0fiV»jB2©JBSf***"r« 

Slffi^a 1 6 (C|2«© V CSEL. 

[0121] 1 8 ) nmmm 1 7 Kt2«© v 

CSELt^T. ^VCSELfcUUT© (a) 
(b) T&£il<i:£#fi<?:-r&, (a) 1512^8?^* 
*tt««©S9BBS«*B&Jh«»««, hOIH^ 2 ©JBSf* J; 0 
>&!8!B^l©H#r#lCifiV>®8T2?s*Wf 40 
(b) tMBttffi&A&t&jMffJIftt. WiHfc^ttfcfcHT 

WBfrjktm©®*?*"?**. 

[0122] GUEflMR 1 9 ) W&WSk 1 7 Kfl2«© V 
C S ELTfeoT, fVCSELIt JUT© (a) 
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